The indiscriminate use of chemical acaricides has allowed Rhipicephalus (Boophilus) microplus to develop resistance to several active principles. However, botanical extracts have been tested as an alternative method to control those ticks. This experiment studied the chemical fingerprint and acaricidal effect of fresh and dry Aloe arborescens Mill. extracts on R. (B.) microplus. The acaricidal activity of extracts was assessed using in vitro assays with engorged females, and phytochemical characterization was performed by infrared (IR) spectroscopy and high-performance liquid chromatography (HPLC). The results showed that fresh and dry A. arborescens extracts prepared with the solvents pure ethanol, ethanol-dichloromethane binary mixture, and ethanol-dichloromethane-acetone ternary mixture, contained water-soluble tannins and had a strong effect on the reproductive parameters of R. (B.) microplus demonstrated by a marked decreased in the number of eggs laid and in the larvae hatching rate (p < 0.05, p < 0.01, p < 0.001). R. (B.) microplus, pois observou-se queda acentuada no número de ovos postos e na taxa de eclosão das larvas (p < 0,05; p < 0,01; p < 0,001). Conclui-se que A. arborescens Mill possui componentes com efeito acaricida contra R. (B.) microplus e que a fitoterapia, com os extratos dessa planta, pode ser utilizada como método alternativo para o controle de R. (B.) microplus.
Introduction
The tick R. (B.) microplus is one of the most important bovine parasites, especially in tropical and subtropical regions, because it causes annual losses estimated in tens of billions of dollars through the decrease in herd productivity, devaluation of leather, and high expenditure on supplies for cattle treatment. Furthermore, it is responsible for transmitting Babesia bovis, Babesia bigemina, and Anaplasma marginale, etiologic agents of bovine babesiosis and anaplasmosis (JONSSON, 2006; GRISI et al., 2014) .
Currently, R. (B.) microplus control strategies involve the use of synthetic acaricides. However, alternative methods must be developed for more effective control of this ectoparasite, given the increase in acquired resistance to these products, high treatment costs, and environmental contamination (ROBBERTSE et al., 2016; WYK et al., 2016) .
Phytotherapy is considered a key alternative for tick control because it may reduce the economic and environmental impacts of using chemical acaricides. Biologically active botanicals have shown acaricidal activity causing oviposition inhibition, infertility, and mortality of Ixodidae ticks, including R. (B.) microplus (GIGLIOTI et al., 2011; CAMPOS et al., 2015) , Rhipicephalus sanguineus (POLITI et al., 2012) , Amblyomma cajennense (CAMPOS et al., 2015) , Amblyomma americanum and Dermacentor variabilis (CARROLL et al., 1989) , and Hyalomma excavatum (ABDEL-SHAFY; ZAYED, 2002) .
Aloe L. is a botanical genus belonging to the Xanthorrhoeaceae family that consists of 550 plant species of African origin, which are known for their medicinal and cosmetic properties; however, only the Aloe vera, A. perryi Baker, A. ferox Mill., and A. arborecens Mill. species are important for international trade (BJORÅ et al., 2015) . Thus far, no data on the activity of A. arborescens against ticks have been reported. The present study aimed to characterize the chemical profile of fresh and dry A. arborescens leaf extracts and assess their in vitro effects on the reproductive parameters of R. (B.) microplus engorged females.
Material and Methods

Aloe arborescens Mill
A. arborescens leaves were collected from the planting bed of the Department of Chemistry, Londrina State University (Universidade Estadual de Londrina), Paraná (23° 18′ 36″ S, 51° 9′ 46″ W). Control samples were herborized and deposited in the Londrina State University Herbarium (Herbário da Universidade Estadual de Londrina -FUEL) to identify and deposit the voucher specimen (FUEL No. 46852) .
Extract preparation
Approximately 75 g of fresh or dry A. arborescens leaves were homogenized in 120 mL of the respective solvents, according to an experimental design of simplex-centroid mixtures (Figure 1 ). The triangle vertices are the pure solvents ethanol (Vetec Quimíca Fina ® ; 1), dichloromethane (Vetec Quimíca Fina ® ; 2), and acetone (Vetec Quimíca Fina ® ; 3); the edges (4, 5, and 6) are the solvent binary mixtures at 1:1 ratio (v/v); the central point (7) is a ternary mixture of three solvents at 1:1:1 ratio (v/v/v); and the axial points 8, 9 and 10 are the ternary mixtures at 2:1:1 ratio (v/v/v). The aqueous extracts (11) were prepared using 75 g fresh leaves or 10 g dry leaves subjected to extraction with 600 mL distilled water at 60 °C for 30 min. The extracts were subjected to an ultrasound bath for 30 min, filtered and brought to evaporation. Subsequently, the concentrated extracts were kept at room temperature. The ratios used to prepare the various mixtures are outlined in Table 1 . 
Phytochemical analysis of extracts
Chemical fingerprinting of the 11 A. arborescens extracts prepared was performed by Fourier transform infrared (FTIR) spectroscopy and high-performance liquid chromatography (HPLC) as described by Afonso et al. (2015) . For chromatographic analysis, 0.005 g of each crude extract was diluted in 10 mL extraction solvent and subjected to an ultrasound bath for 15 min. The supernatant was filtered through a fluoropore membrane (Millex, Millipore ® ). The chromatograms of the extracts were obtained using Finnigan™ Sourveyor™ and the high-performance liquid chromatograph (Thermo Scientific ® ) with SPD-M10AV photodiode array detector (PDA), Metasil ODS C18 column PN0380 Metachen 250 mm × 4.6 mm, 5 μm particle size. Monitoring was performed at 210 nm wavelength and the composition of the mobile phase used was 68 % H 2 O and 32 % CH 3 CN, injecting 20 μL of sample into the manual injection system. The original data from those chromatograms were converted into a matrix with 4801 rows × 11 columns, wherein rows corresponded to the retention time in a 40 min run, which provided no relevant data after 20 min of elution, and columns corresponded to the extracts from the solvent mixture with the aqueous extract.
The spectra of crude extracts were obtained by infrared spectroscopy using the FTIR-800 spectrophotometer (Shimadzu ® ) and recorded in the spectral region between 4000-400 cm -1 using a detachable sample holder for samples with potassium bromide tablets (Synth ® ).
Rhipicephalus (Boophilus) microplus bioassay
R. (B.) microplus engorged females larger than 4.5 mm were collected from naturally infested Holstein cattle from a farm in the municipality of Londrina after a 50-day period without acaricides. Ticks were sent to the laboratory and identified in accordance with criteria set out by Aragão and Fonseca (1961) .
The immersion test was used for the R. (B.) microplus bioassays as reported by Drummond et al. (1973) . The extracts were used at a 700 mg mL -1 concentration. For the treatments, ticks with similar masses were separated into groups of 10 and immersed in 10 mL of extract solution for 5 min. The control group consisted of engorged females immersed in distilled water. The ticks were incubated in a biochemical oxygen demand (BOD) incubator at 27 ± 1 °C and 70 ± 5 % relative humidity for 15 days. At the end of that period, the eggs laid in the groups were collected, weighed and incubated in a BOD incubator under the same conditions for a further 15 days. Após, os ovos e as larvas eclodidas foram contados com o auxílio de uma lupa. Twelve hundred units (eggs and larvae) were counted in each extract tested.
The data collected in the assays with R. (B.) microplus were used to determine the following parameters: oviposition index (OI), oviposition inhibition (OIN) rate, and hatching (H) rate, according to the formulae reported by Stendel (1980) ; and reproductive efficiency (RE) and product efficiency (PE) according to the equations proposed by Drummond et al. (1973) :
% H = (number of larvae observed / number of larvae estimated) × 100 RE = (egg mass × % hatching × 20.000) / female mass
Statistical analysis
The experimental design for assessment of R. (B.) microplus reproductive parameters was completely randomized, with eleven treatments and two replicates. Reproductive parameters were subjected to analysis by the Student's t-test using the Statistical Analysis System software version 9.3 (SAS ® ). The analysis tested whether these parameters differed between fresh and dry A. arborescens extracts and types of extraction solvents used. The differences among the means of reproductive parameters were compared using the Tukey test. All comparisons were performed at the 5 % significance level.
Results
In this experiment, chemical fingerprinting and the acaricidal effect of 11 A. arborescens extracts prepared with the solvents ethanol, acetone, dichloromethane, and water, on the reproductive parameters of R. (B.) microplus engorged female ticks was assessed.
The effects of the 11 extracts on the R. (B.) microplus OI, OIN (%), and H (%) are outlined in Table 2 . The results showed significant differences in the effects of fresh extracts one, two, four, and eight compared with the control group, considering the OI (p<0.05; p< 0.01) and the H rate (p<0.05; p<0.01; p<0.001). However, only dry extracts four and eight significantly reduced these parameters (p <0.05). The reproductive efficiency of R. (B.) microplus engorged females decreased significantly after exposure to treatments with fresh extracts one, four and eight, and dry extracts four and eight (p<0.05), showing high efficacy rates of these extracts, which ranged from 79 -86 % in fresh extracts and 82-83 % in dry extracts (Table 3 ).
The spectral data of fresh and dry extracts of A. arborescens are shown in Figure 2 . -glucosyl-isoaloeresin (2, 3, 4, 5, 6, 7, 9 , and 10), and water-soluble (1, 2, 3, 4, 5, 6, 7, 8, 9 , 10, and 11) and condensed (1) tannins. (B) Dry leaf extracts with aloeresin E (1 and 3), aloeresin A (1), aloin A (1, 3, 4, 8, 9, and 10), aloenin B (2, 4, 6, 7, 8, and 10), 4'-O-glucosyl-isoaloeresin (3, 4, 7, 8, 9 , and 10), homonataloin (8 and 10) and water-soluble (4, 6, and 8) and condensed (1, 5 and 6) tannin bands
The bands present around 900-675 cm -1 characterize angular deformation vibrations outside the C-H plane of polynuclear aromatic hydrocarbons and in-phase deformations outside the plane of adjacent hydrogen atoms of the aromatic rings, which were strongly coupled to each other.
The bands around 1230-1000 cm -1 were compatible with asymmetric axial deformation of ether C-O bonds and characteristic of alcohol and phenol C-O stretching.
The bands present in the spectral region 2900-2700 cm -1 were compatible with Csp3-H stretching in alkanes. The bands 1690-1470 cm -1 indicate C-N group stretching in alkylamines. The spectral region 3400-3550 cm -1 showed an N-H angular deformation vibration present in alkaloids.
The band 3400 cm -1 indicated stretching vibration of O-H bonds present in alcohols and phenols.
The bands between 1650 and 1800 cm -1 characterize C=O double bond stretching of the carbonyl group.
The phytochemical characterization of the extracts enabled identification of the presence of condensed and water-soluble tannins, in addition to anthraquinones, including aloeresin, aloenin, aloin A and B, homonataloin, and 4′-O-glucosylisoaloeresin. Water-soluble tannins were the main components of the extracts with the highest acaricidal activity, namely fresh extracts one, two, four, and eight, and dry extracts four and eight (Figure 2 ).
Discussion
Various bioactive components of plant extracts have shown acaricidal activity against R. (B.) microplus. Chrysopogon zizanioides extracts containing zizanoic and khusimol acids significantly reduce the egg production and oviposition index of A. cajennense and R. (B.) microplus at 20, 50, and 100 μL mL -1 concentrations (CAMPOS et al., 2015) . Carvacrol and thymol extracted from Lippia gracilis at 4.46 and 5.50 mg mL -1 concentrations resulted in 50 % lethality (CL 50 ) for R. (B.) microplus females, respectively (CRUZ et al., 2013) . The efficacy of Azadirachta indica extracts containing 10,000 ppm azadirachtin against R. (B.) microplus was 94 %, albeit without causing larval mortality (GIGLIOTI et al., 2011) . Scopolamine, the active component of Atropa belladonna, caused 93 % mortality of the R. (B.) microplus females tested at 0.1 % concentration (GODARA et al., 2014) .
Aloe is a genus characterized by the presence of anthraquinones, polyphenols, saponins, vitamins and minerals (LUCINI et al., 2015; RAHMANI et al., 2015) . In this study, the qualitative analysis of the chemical composition of A. arborescens extracts showed that only water-soluble tannins were present in all fresh extracts, which indicates that all solvents (pure or mixed) were effective in the extraction of these secondary metabolites ( Figure  2 ). Water-soluble tannins were only observed in the dry extracts four, six, and eight, which suggests that the extraction of these components requires a synergistic effect between the water present in the leaves and the solvents used in the other extracts. Extracts with water-soluble tannins prepared using the solvents pure ethanol, ethanol-dichloromethane binary mixture, and ethanol-dichloromethaneacetone ternary mixture, were the most effective against R. (B.) microplus (Tables 1 and 2 ).
Tannins are the most abundant secondary metabolites in tropical plants (BARBEHENN; PETER CONSTABEL, 2011) and have shown antiparasitic activity. The anthelmintic activity of water-soluble tannins determined a reduction in the percentage of hatchability and motility of first and second stages larvae of Haemonchus contortus (ENGSTRÖM et al., 2016) . Water-soluble tannins also have activity against protozoa, causing the death of Giardia duodenalis trophozoites (ANTHONY et al., 2011) .
Previous studies reported the acaricidal activity of tannin-rich plants against mites and ticks. Afify et al. (2011) examined the effects of Syzygium cumini extracts containing tannins and produced with different solvents on the Tetranychus urticae mite viability. The results showed that the extract produced using a concentration of 300 µg mL -1 ethanol had the best acaricidal activity, causing 100 % mite mortality. Lippia origanoides and Gliricidia sepium ethanolic extracts at 5 % concentration decreased the oviposition index of the Tetranychus cinnabarinus mite to 43.7 % and 57.0 %, respectively. At 10 % concentration, L. origanoides and G. sepium extracts caused 42.2 % and 72.5 % T. cinnabarinus mortality, respectively (SIVIRA et al., 2011) .
In this experiment the oviposition index and the hatching percentage were significantly reduced after treatment of engorged females with tannin fresh extracts 1, 2, 4 and 8, and dehydrated 4 and 8. These results difer from the Fernández-Salas et al. (2011) who observed that the extracts of Acacia pennatula, Piscidia piscipula, Leucaena leucocephala and Lysiloma latisiliquum, rich in tannins, had no significant effects on the oviposition index of R. 
Conclusion
In conclusion, fresh and dry A. arborescens extracts prepared with the solvents pure ethanol, ethanol-dichloromethane binary mixture, and ethanol-dichloromethane-acetone ternary mixture, contain water-soluble tannins and demonstrated in vitro acaricidal activity against R. (B.) microplus engorged females. This shows that the use of such extracts may be a key phytotherapeutic alternative for controlling infestations of R. (B.) microplus, However, in vivo studies are necessary to establish the acaricidal potential of these extracts in cattle.
